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METHODS OF MAKING MEDICAL DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of and claims priority to 
US. application Ser. No. 10/185,837, ?led Jun. 27, 2002 now 
US. Pat. No. 6,865,810 B2. The disclosures of these appli 
cations are incorporated by reference. 

TECHNICAL FIELD 

The invention relates to methods of making medical 
devices, such as, for example, endoprostheses. 

BACKGROUND 

The body includes various passageways such as arteries, 
other blood vessels, and other body lumens. These passage 
Ways sometimes become occluded or Weakened. For 
example, the passageways can be occluded by a tumor, 
restricted by plaque, or Weakened by an aneurysm. When this 
occurs, the passageWay can be reopened or reinforced, or 
even replaced, With a medical endoprosthesis. An endopros 
thesis is typically a tubular member that is placed in a lumen 
in the body. Examples of endoprosthesis include stents and 
covered stents, sometimes called “stent-grafts”. 
An endoprosthesis can be delivered inside the body by a 

catheter that supports the endoprosthesis in a compacted or 
reduced-siZe form as the endoprosthesis is transported to a 
desired site. Upon reaching the site, the endoprosthesis is 
expanded, for example, so that it can contact the Walls of the 
lumen. 

The expansion mechanism may include forcing the 
endoprosthesis to expand radially. For example, the expan 
sion mechanism can include the catheter carrying a balloon, 
Which carries the endoprosthesis. The balloon can be in?ated 
to deform and to ?x the expanded endoprosthesis at a prede 
termined position in contact With the lumen Wall. The balloon 
can then be de?ated, and the catheter removed. 

In another delivery technique, the endopro sthesis is formed 
of an elastic material that can be reversibly compacted and 
expanded. During introduction into the body, the endopros 
thesis is restrained in a compacted condition. Upon reaching 
the desired implantation site, the restraint is removed, for 
example, by retracting a restraining device such as an outer 
sheath, enabling the endoprosthesis to self-expand by its oWn 
internal elastic restoring force. 
One method of making a stent includes laser cutting a tube 

of stent material to de?ne the structure of the stent. Laser 
cutting, hoWever, can form recast material, Which is material 
from the tube that has melted, oxidiZed, and solidi?ed on 
laser-cut surfaces. The recast material can make a stent more 

susceptible to failure (e.g., cracking or fracture) during manu 
facturing or in use. Accordingly, sometimes, the recast mate 
rial is removed, e.g., by chemical milling and/or electropol 
ishing, after laser cutting. To compensate for loss of material 
during the removal step(s), the metal tube can be made over 
siZed, Which can be Wasteful and costly, particularly if the 
tube includes precious metals. The removal step(s) may also 
include using potent and/or hazardous chemicals. 

SUMMARY 

The invention relates to methods of making medical 
devices, such as, for example, endoprostheses. 
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2 
The invention features a method of manufacturing an 

endoprosthesis, such as a stent, that includes using sacri?cial 
material that covers one or more portions of a tube of stent 

material. During manufacturing, particularly during removal 
of recast material, the sacri?cial material protects the stent 
material from material loss. As a result, although the tube of 
stent material canbe formed oversiZed, the tube does not need 
to be formed oversiZed, thereby reducing the amount of stent 
material used. When the stent material includes precious 
materials, such as gold or platinum, reducing the amount of 
stent material reduces cost. The sacri?cial material may also 
be capable of reacting With the stent material to form a prod 
uct, such as an alloy, that is relatively easy to remove, e.g., 
compared to the pure stent material. As a result, less haZard 
ous chemicals may be used during recast material removal. 

In one aspect, the invention features a method of making a 
stent. The method includes providing a tubular member hav 
ing a ?rst layer, the ?rst layer and the tubular member having 
different compositions, removing a portion of the tubular 
member, and removing a portion of the ?rst layer from the 
tubular member. 

In another aspect, the invention features a method of mak 
ing a stent having struts including providing a tubular mem 
ber having a ?rst layer, the ?rst layer and the tubular member 
having different compositions, removing a portion of the 
tubular member to form the struts and a portion of the ?rst 
layer, and removing a portion of the ?rst layer from the 
tubular member to provide the stent. 

In another aspect, the invention features a method of mak 
ing a stent including providing a member having a ?rst layer, 
the ?rst layer and the member having different compositions, 
removing a portion of the member to de?ne an opening 
through the member, removing the ?rst layer from the mem 
ber, and forming the member into the stent. The member may 
have opposing edges, and the stent may be formed by con 
necting the edges. The stent can be formed by forming the 
member into a tube. The member can be tubular. 

Embodiments of the aspects of the invention may include 
one or more of the folloWing features. The tubular member 
and the ?rst layer include metals. The method further includes 
?nishing the tubular member into the stent, e.g., by elec 
tropolishing. A portion of the ?rst layer is removed With the 
portion of the tubular member. The entire ?rst layer is 
removed from the tubular member. An entire surface portion 
of the ?rst layer is removed from the tubular member. 
The ?rst layer can be directly on the tubular member. The 

?rst layer can be on only a portion of the tubular member or on 
substantially an entire surface of the tubular member. The ?rst 
layer can be on an inner surface and/or on an outer surface of 
the tubular member. 

In some embodiments, the tubular member has a second 
layer, and the ?rst and second layers are on opposing surfaces 
of the tubular member. The method may include removing a 
portion of the tubular member and the ?rst and second layers, 
and removing the ?rst and second layers from the tubular 
member. 
The tubular member can be provided by co-draWing a ?rst 

member that forms the tubular member and a second member 
that forms the ?rst layer on an inner surface of the tubular 
member. The tubular member can be provided by co-draWing 
a ?rst member that forms the tubular member and a second 
member that forms the ?rst layer on an outer surface of the 
tubular member. 
The method can include forming the ?rst layer on the 

tubular member. The ?rst layer may include a metal and may 
be formed by a process selected from a group consisting of 
electrodeposition and vapor deposition of the metal. 
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The stent may include struts, and the removing of the 
portion of the tubular member may include forming the struts. 

The portion of the tubular member may be removed by a 
laser, by dissolving the ?rst layer, by melting the ?rst layer, 
and/ or by mechanically removing the ?rst layer. 

The tubular member may include a material selected from 
a group consisting of platinum, gold, palladium, rhenium, 
tantalum, tungsten, molybdenum, rhenium, nickel, cobalt, 
stainless steel, Nitinol, and alloys thereof. The ?rst layer may 
include a material selected from a group consisting of steel, 
cadmium, lead, magnesium, tin, Zinc, titanium, stainless 
steel, and aluminum. 
The method may include forming a drug-releasing layer on 

the stent. 
In another aspect, the invention features a stent, made 

according to the methods described herein. 
Other aspects, features, and advantages of the invention 

Will be apparent from the description of the preferred embodi 
ments thereof and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic diagram of a method of making a 
stent; and 

FIG. 2 is a schematic diagram of a method of making a 
stent. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a method 10 of making a stent 12 is 
shoWn. Method 10 generally includes providing a tubular 
member 14 that ultimately becomes stent 12, and forming an 
inner layer 16 and an outer layer 18 on the tubular member. 
Tubular member 14 is made of a stent material, e.g., platinum, 
and layers 16 and 18 can be made of, e.g., carbon steel. 
Portions of tubular member 14 and layers 16 and 18 are then 
removed, e. g., by laser cutting, to form openings 20 and struts 
22 of stent 12. Subsequently, layers 16 and 18 are removed 
from tubular member 14 to yield stent 12. 

Layers 16 and 18 serve as sacri?cial layers that are ulti 
mately removed at the end of method 10. Here, rather than 
starting With an oversiZed tubular member to compensate for 
loss of material that may occur during removal of recast 
material, a relatively smaller tubular member 14 can be used 
With layers 16 and 18. For example, tubular member 14 and 
layers 16 and 18 can have a total dimension similar to that of 
an oversiZed tubular member. During removal of recast mate 
rial, layers 16 and 18 are sacri?ced, reducing the amount of 
tubular member 14 that is affected by recast material removal. 
In embodiments in Which tubular member 14 includes pre 
cious metals, such as platinum, using layers 16 and 18 can 
reduce cost and Waste. In other embodiments, an oversiZed 
tubular member can be used. 

Furthermore, Without Wishing to be bound by theory, it is 
believed that during laser cutting, portions of layers 16 and 18 
can pave cut surfaces of tubular member 14 and/or react With 
the tubular member, e.g., at the cut surfaces to form products 
such as alloys. Some reaction products can be more easily 
removed, e. g., by chemical etching, than a pure stent material, 
such as an acid-resistant precious metal. As a result, in some 
embodiments, less hazardous materials may be used in the 
post-laser cutting removal step(s). Some reaction products 
may also protect the cut surfaces by making the surfaces less 
susceptible to oxidation. 

Moreover, since tubular member 14 can be relatively small, 
smaller ingots can be used to form the tubular member. 
Smaller ingots can be formed With relatively high yield rates, 
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4 
i.e., loW Waste, and relatively high quality control. Also, dur 
ing manufacturing, layers 16 and 18 can protect tubular mem 
ber 14, e.g., by loWering the oxidation of the tubular member 
by the environment and/or by reducing contamination of the 
tubular member, e.g., from machining equipment. Conse 
quently, manufacturing steps, such as annealing to enhance 
the physical properties to tubular member 14, e.g., ductility, 
may be performed Without certain handling equipment, such 
as vacuum or inert gas annealing chambers, Which can further 
reduce cost and inconvenience. 

Tubular member 14 can be made of any material that can be 
used in a stent. The material is preferably biocompatible. 
Examples of stent materials include noble metals, such as 
platinum, gold, and palladium, refractory metals, such as 
tantalum, tungsten, molybdenum and rhenium, and alloys 
thereof. Other examples of stent materials include stainless 
steels, stainless steels alloyed With noble and/or refractory 
metals, nickel-based alloys (e.g., those that contained Pt, Au, 
and/or Ta), iron-based alloys (e.g., those that contained Pt, 
Au, and/or Ta), cobalt-based alloys (e.g., those that contained 
Pt, Au, and/or Ta), and Nitinol. Tubular member 14 can be 
made, for example, by extrusion and draWing, or by boring a 
solid billet of stent material. As an example, tubular member 
14 can be made from a casted tWo-inch diameter ingot that is 
rough machined, rolled, forged, and/or extruded to a l .5-inch 
diameter by six-inch long billet. A one-inch diameter bore can 
be formed in the billet by upset forging and/ or electrical 
discharge machining (EDM). As described beloW, tubular 
member 14 can have dimensions that are near ?nal stent siZe 
or greater. 

Tubular member 14 can be annealed after it is formed. In 
general, annealing can be performed after any step (such as 
forging, extrusion, or draWing) that has reduced the formabil 
ity (e.g., ductility) of tubular member 14. Annealing tubular 
member 14 can increase the formability of the tubular mem 
ber to a level suf?cient for further processing (e.g., Without 
the tubular member cracking or fracturing). 

Layers 16 and 18 can include any material that can be 
formed on tubular member 14 and subsequently removed. 
Examples of materials for layers 16 and 18 are those that are 
relatively convenient to handle, relatively convenient to form 
on tubular member 14, relatively easy to remove, e. g., chemi 
cally, and/ or relatively inexpensive. Preferably, the materials 
for layers 16 and 18 can react With the stent material to form 
a product that is convenient or easy to remove. Layers 16 and 
18 can have similar melting points as that of tubular member 
14 or higher, e.g., so that the layers can be annealed With the 
tubular member, i.e., the layers do not melt or degrade during 
heating. In some embodiments, materials for layers 16 and 18 
have relatively loW melting points, e.g., so that the layers can 
be removed by heating. Examples of materials for layers 16 
and 18 include metallic materials, such as carbon steel, cad 
mium, lead, magnesium, tin, Zinc, titanium, stainless steel 
(e.g., 304L or 316L stainless steel), and aluminum. The thick 
ness of each layer 16 or 18 can be about 0.25-2 times, e.g., 
0.5-1 time, the Wall thickness of tubular member 14. Layers 
16 and 18 can have the same or different compositions. 
Numerous methods can be used to form layers 16 and 18 on 

tubular member 14. For example, a tubular member 14 that is 
larger than ?nal stent siZe can be sandWiched betWeen layers 
16 and 18 by placing a tight ?tting tube (e.g., a steel tube) 
around the tubular member, and another tight ?tting tube 
(e.g., a holloW or solid die or a mandrel) in the tubular mem 
ber. Tubular member 14 and the sandWiching tubes can then 
be co-draWn, e.g., until the tubular member is near ?nal stent 
siZe. As an example, a 1.5-inch diameter tubular member 
having a one-inch diameter bore can be placed into an outer 
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steel tube having a 1.5193-inch OD. and a 1.5-inch ID. An 
inner steel tube having a one-inch OD. and a 0.9745-inchID. 
can be placed in the tubular member. The tubular member and 
sandWiching steel tubes can be draWn until the OD. and the 
ID. of the tubular member are reduced to about 0.07 and 0.06 
inch, respectively. A 0.0002-inch thick steel layer can be on 
each surface of the tubular member after drawing. 

In other embodiments, tubular member 14 can be formed, 
e.g., draWn, to near ?nal stent siZe, and layers 16 and 18 are 
subsequently formed on the tubular member. Methods of 
forming layers 16 and 18 include, for example, electrodepo 
sition, spraying, e.g., plasma spraying, dipping in molten 
material, e.g., galvanizing, chemical vapor deposition, and 
physical vapor deposition. 

After layers 16 and 18 are formed on tubular member 14, 
portions of the layers and tubular member are removed to 
form the structure (e.g., openings 20 and struts 22) of stent 12. 
The portions can be removed by laser cutting, as described in 
Us. Pat. No. 5,780,807, hereby incorporated by reference in 
its entirety. In certain embodiments, during laser cutting, a 
liquid carrier, such as a solvent or an oil, is ?oWed through 
tubular member 14 (arroW A). The carrier can prevent dross 
formed on one portion of tubular member 14 from re-depos 
iting on another portion, and/or reduce formation of recast 
material on the tubular member. Other methods of removing 
portions of tubular member 14 and layers 16 and 18 can be 
used, such as mechanical machining (e.g., micro-machining), 
electrical discharge machining (EDM), and photoetching 
(e. g., acid photoetching). 

After the structure of stent 12 is formed, layers 16 and 18 
are removed to yield stent 12. Layers 16 and 18 can be 
dissolved, e.g., by immersion in an acid such as nitric acid, 
Which can also remove certain recast material formed on 

tubular member 14 (noW formed into stent 12). Alternatively 
or in addition, layers 16 and 18 can be mechanically removed, 
e.g., by grinding, melting, e.g., for layers having suf?ciently 
loW melting points, and/or subliming. 

Stent 12 can then be ?nished, e.g., electropolished to a 
smooth ?nish, according to conventional methods. As an 
example, about 0.0001 inch of the stent material can be 
removed from each surface by chemical milling and elec 
tropolishing to yield a stent having a 0.0695-inch OD. and a 
0.0605-inch ID. Stent 12 can then be annealed. 

Stent 12 can be used, e.g., delivered and expanded, accord 
ing to conventional methods. 

Generally, stent 12 can be a conventional stent, e.g., bal 
loon expandable, self-expandable, or a combination of both. 
Stent 12 can also be a part of a stent-graft. The stent-graft can 
be a stent attached to a biocompatible, non-porous or semi 
porous polymer matrix made of polytetra?uoroethylene 
(PTFE), expanded PTFE, polyethylene, urethane, orpolypro 
pylene. Stent 12 can include a releasable therapeutic agent or 
a pharmaceutically active compound, such as described in 
Us. Pat. No. 5,674,242, and commonly-assigned U.S. Ser. 
No. 09/895,415, ?led Jul. 2, 2001, all hereby incorporated by 
reference. The therapeutic agents or pharmaceutically active 
compounds can include, for example, anti-thrombogenic 
agents, antioxidants, anti-in?ammatory agents, anesthetic 
agents, anti-coagulants, and antibiotics. Examples of stent 12 
are described in Us. Pat. Nos. 5,725,570 and 5,234,457, all 
hereby incorporated by reference. 

OTHER EMBODIMENTS 

In other embodiments, a non-tubular member can be ini 
tially used to form a stent. Referring to FIG. 2, a method 100 
of forming a stent 112 begins With using a non-tubular mem 
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6 
ber 114 (here, a sheet). Member 114 can be similar in com 
position to tubular member 14 described above. Member 114 
can be formed, for example, by forging, rolling, and/or extru 
sion. Next, sacri?cial layers 116 and 118, Which are similar to 
layers 16 and 18, are formed on member 114, as generally 
described above. Portions of member 114 and layers 116 and 
118 are then removed, e. g., by laser cutting, to form openings 
120 and struts 112 of stent 112. Layers 116 and 118 are then 
removed, e.g., by chemical etching, to leave member 114. 
Member 114 can be formed into stent 112 by connecting 
opposing edges 124 and 126, e.g., by Welding. Stent 112 can 
be ?nished as described above. In some embodiments, oppos 
ing edges of member 114 and layers 116 and 118 can be 
connected together to form a tube prior to laser cutting. 
As an example, a casted and rough machined tWo-inch 

diameter by six inch long ingot of stent material can be upset 
forged and extruded doWn to a bar about one inch thick by one 
inch Wide by 18.85 inch long for plate and strip rolling. The 
bar can be placed Within a tight ?tting steel container With a 
Wall thickness of 0.0435 inch. The steel-covered bar can be 
subjected to plate and strip rolling operations until the thick 
ness of the stent material is 0.0046 inch and the total sandWich 
thickness is 0.0050 inch. A 0.0002-inch thick steel layer may 
be on each surface of the stent material. A stent tubing can be 
formed by rolling and laser Welding of the steel-sandWiched 
stent material. The Welded tubing can be laser machined to 
form the structure of the stent, and the machined stent can be 
immersed in a nitric acid solution to dissolve the steel from 
the surfaces of the stent and the recast material on the cut 
surfaces. The stent can then be electropolished to a smooth 
surface ?nish, With 0.00005 inch of stent material removed 
from each surface from chemical milling and electropolish 
1ng. 

In some embodiments, one or more of sacri?cial layers 16, 
18, 116, or 118 cover selected portions ofmember 14 or 114. 
For example, the sacri?cial layers may cover only portions of 
member 14 or 114 that become the struts of the stent, i.e., 
portions of the member 14 or 114 that are removed to form the 
openings of the stent are not covered by the sacri?cial layers. 
Selective coverage of members 14 or 114 can be performed, 
e.g., by masking techniques. 

In certain embodiments, layers 16, 18, 116, or 118 are 
formed on the stent material ingot to protect the stent material 
during billet or tube forming. The melting points of layers 16, 
18, 116, or 118 may be about 50% ofthe melting point ofstent 
material or more. 

In other embodiments, only one layer (e.g., layer 16, 18, 
116, or 118) is formed on the member (e.g., member 14 or 
114) that ultimately becomes the stent. As an example, a 
tWo-inch diameter ingot of stent material can be rough 
machined, rolled, forged, and/ or extruded doWn to a 1.5-inch 
diameter by six-inch long billet. A one-inch diameter hole can 
be made in the billet by upset forging or electrical discharge 
machining. The billet can be placed inside a tight ?tting steel 
tube With a 1.5-inch diameter ID. and a Wall thickness of 
0.0045 inch. The steel covered billet can be subjected to tube 
draWing operations until the OD. and ID. are 0.0700 inch 
and 0.0602 inch, respectively. A 0.0001 -inch thick steel layer 
may remain on the outer surface of the stent material tubing. 
Laser cutting of the stent struts can be performed. The 
machined tube can be immersed in a nitric acid solution to 
dissolve the steel from the outer surface of the tube and the 
steel recast material on the cut surfaces. The stent can then be 
chemical milled and electropolished to a smooth surface ?n 
ish (e.g., 0.0003 inch of stent material removed from each 
surface). The ?nished stent dimensions can be 0.0695 inch 
OD. and 0.0605 inch ID. 
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In some embodiments, layers 16, 18, 116 and/or 118 are 
not completely removed from tubular member 14 or member 
114 because, for example, the layer(s) can enhance the func 
tion or performance of the stent. For example, a thin ?lm of 
titanium or 316 L stainless steel may remain on member 14 or 
114 to enhance biocompatibility of a gold or tungsten mem 
ber 14 or 114. An entire surface portion oflayers 16, 18, 116 
and/ or 118 can be removed, leaving the layers reduced in 
thickness but still remaining on member 14 or 114. 
More than one sacri?cial layer can be formed on each side 

of member 14 or 114. A sacri?cial layer may be in direct 
contact With member 14 or 114, or there may be intermediate 
layers betWeen the sacri?cial layer and member 14 or 114. 

Other embodiments are Within the claims. 

What is claimed is: 
1. A method of making a stent, the method comprising: 
providing a tubular member having a ?rst layer, the ?rst 

layer and the tubular member having different metallic 
compositions and having a ?rst thickness; 

removing a portion of the tubular member; and 
removing a portion of the ?rst layer from the tubular mem 

ber, Wherein the tubular member and the ?rst layer have 
a reduced second thickness. 

2. The method of claim 1, Wherein the tubular member and 
the ?rst layer comprise metals. 

3. The method of claim 1, further comprising ?nishing the 
tubular member into the stent. 

4. The method of claim 3, Wherein the tubular member is 
?nished by electropolishing. 

5. The method of claim 1, Wherein the ?rst layer is directly 
on the tubular member. 

6. The method of claim 1, Wherein the ?rst layer is on only 
a portion of the tubular member. 

7. The method of claim 1, Wherein the ?rst layer is on 
substantially an entire surface of the tubular member. 

8. The method of claim 1, Wherein the ?rst layer is on an 
inner surface of the tubular member. 

9. The method of claim 1, Wherein the ?rst layer is on an 
outer surface of the tubular member. 

10. The method of claim 1, Wherein a portion of the ?rst 
layer is removed With the portion of the tubular member. 

11 . The method of claim 1, Wherein the tubular member has 
a second layer, the ?rst and second layers being on opposing 
surfaces of the tubular member, and the method comprises 
removing a portion of the tubular member and the ?rst and 
second layers, and removing the ?rst and second layers from 
the tubular member. 

12. The method of claim 1, Wherein the tubular member is 
provided by co-draWing a ?rst member that forms the tubular 
member and a second member that forms the ?rst layer on an 
inner surface of the tubular member. 

13. The method of claim 1, Wherein the tubular member is 
provided by co-draWing a ?rst member that forms the tubular 
member and a second member that forms the ?rst layer on an 
outer surface of the tubular member. 

14. The method of claim 1, further comprising forming the 
?rst layer on the tubular member. 

15. The method of claim 14, Wherein the ?rst layer com 
prises a metal and is formed by a process selected from a 
group consisting of electrodeposition and vapor deposition of 
the metal. 

16. The method of claim 1, Wherein the stent comprises 
struts, and the removing of the portion of the tubular member 
comprises forming the struts. 

17. The method of claim 1, Wherein the portion of the 
tubular member is removed by a laser. 
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18. The method of claim 1, Wherein the ?rst layer is 

removed by dissolving the ?rst layer. 
19. The method of claim 1, Wherein the ?rst layer is 

removed by melting the ?rst layer. 
20. The method of claim 1, Wherein the ?rst layer is 

removed by mechanically removing the ?rst layer. 
21. The method of claim 1, Wherein the tubular member 

comprises a material selected from a group consisting of 
platinum, gold, palladium, rhenium, tantalum, tungsten, 
molybdenum, rhenium, nickel, cobalt, stainless steel, Nitinol, 
and alloys thereof. 

22. The method of claim 1, Wherein the tubular member 
comprises a material selected from a group consisting of 
platinum, gold, and tantalum. 

23. The method of claim 1, Wherein the ?rst layer com 
prises a material selected from a group consisting of steel, 
cadmium, lead, magnesium, tin, Zinc, titanium, stainless 
steel, and aluminum. 

24. The method of claim 1, Wherein the ?rst layer com 
prises a steel. 

25. The method of claim 1, further comprising forming a 
drug-releasing layer on the stent. 

26. The method of claim 1, Wherein the entire ?rst layer is 
removed from the tubular member. 

27. The method of claim 1, Wherein an entire surface por 
tion of the ?rst layer is removed from the tubular member. 

28. A method of making a stent, the method comprising: 
providing a member having a ?rst layer, the ?rst layer and 

the member having different metallic compositions and 
having a ?rst thickness; 

removing a portion of the member to de?ne an opening 
through the member; 

removing a portion of the ?rst layer from the member, 
Wherein the member and the ?rst layer have a reduced 
second thickness; and 

forming the member into the stent. 
29. The method of claim 28, Wherein the member has 

opposing edges, and the stent is formed by connecting the 
edges. 

30. The method of claim 28, Wherein the stent is formed by 
forming the member into a tube. 

3 1. The method of claim 28, Wherein the member is tubular. 
32. The method of claim 28, Wherein the member and the 

?rst layer comprise metals. 
33. The method of claim 28, further comprising ?nishing 

the member into the stent. 
34. The method of claim 33, Wherein the tubular member is 

?nished by electropolishing. 
35. The method of claim 28, Wherein the ?rst layer is 

directly on the member. 
36. The method of claim 28, Wherein the ?rst layer is on 

only a portion of the member. 
37. The method of claim 28, Wherein the ?rst layer is on 

substantially an entire surface of the member. 
38. The method of claim 28, Wherein a portion of the ?rst 

layer is removed With the portion of the member. 
39. The method of claim 28, Wherein the member has a 

second layer, the ?rst and second layers being on opposing 
surfaces of the member, and the method comprises removing 
a portion of the member and the ?rst and second layers, and 
removing the ?rst and second layers from the member. 

40. The method of claim 28, further comprising forming 
the ?rst layer on the member. 

41. The method of claim 40, Wherein the ?rst layer com 
prises a metal and is formed by a process selected from a 
group consisting of electrodeposition and vapor deposition of 
the metal. 
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42. The method of claim 28, wherein the stent comprises 
struts, and the removing of the portion of the member com 
prises forming the struts. 

43. The method of claim 28, Wherein the portion of the 
member is removed by a laser. 

44. The method of claim 28, Wherein the ?rst layer is 
removed by dissolving the ?rst layer. 

45. The method of claim 28, Wherein the ?rst layer is 
removed by melting the ?rst layer. 

46. The method of claim 28, Wherein the ?rst layer is 
removed by mechanically removing the ?rst layer. 

47. The method of claim 28, Wherein the member com 
prises a material selected from a group consisting of plati 
num, gold, palladium, rhenium, tantalum, tungsten, molyb 
denum, rhenium, nickel, cobalt, stainless steel, Nitinol, and 
alloys thereof. 

48. The method of claim 28, Wherein the member com 
prises a material selected from a group consisting of plati 
num, gold, and tantalum. 

49. The method of claim 28, Wherein the ?rst layer com 
prises a material selected from a group consisting of steel, 
cadmium, lead, magnesium, tin, Zinc, and aluminum. 

50. The method of claim 28, Wherein the ?rst layer com 
prises a steel. 

51. The method of claim 28, further comprising forming a 
drug-releasing layer on the stent. 
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52. The method of claim 28, Wherein the entire ?rst layer is 

removed from the member. 
53. The method of claim 28, Wherein an entire surface 

portion of the ?rst layer is removed from the member. 
54. A method of making a stent having struts, the method 

comprising: 
providing a tubular member having a ?rst layer, the ?rst 

layer and the tubular member having different metallic 
compositions and having a ?rst thickness; 

removing a portion of the tubular member to form the struts 
and a portion of the ?rst layer; and 

removing the ?rst layer from the tubular member to pro 
vide the stent, Wherein the tubular member has a second 
thickness. 

55. The method of claim 54, Wherein the ?rst layer is on an 
inner surface of the tubular member. 

56. The method of claim 54, Wherein the ?rst layer is on an 
outer surface of the tubular member. 

57. The method of claim 54, Wherein the tubular member 
comprises a second layer on the tubular member, the ?rst and 
second layers being on opposing surfaces of the tubular mem 
ber. 

58. The method of claim 54, Wherein the ?rst layer is on an 
entire surface of the tubular member. 

59. The method of claim 54, further comprising forming a 
drug-releasing layer on the stent. 

* * * * * 


